Abstract -
So far, only few synthetic methods for the construction of these molecular scaffolds in enantiomerically pure form are descibed in the literature.7.8
In this paper. we present a practical ex-chiral pool approach to 3-and 4-dibenzylaminopyrrolidinones which can serve as useful and flexible synthetic intermediates for the preparation of y-lactam bridged peptidomimetics of type I and n. respectively. Our strategy was based on selective transformations of asparagine as a versatile bifunctional amino acid. Thus, cyclic imide formation of the benzyl protected asparagine derivative (2) 6.91U followed by regioselective reduction of the sterically less hindered carbonyl function should lead to the (l- amino lactam (1). On the other hand, the B-amino regioisomer should be approached by chemoselective reduction of the ester group of 2. followed by activation of the thus formed primary alcohol and cyclization. Actually, product formation was observed, however, 1 could be isolated in only 8% yield. Employing BHyEt 2 0 as the reducing agent and CH 2 CI 2 as a solvent gave substantial improvement resulting in the formation of 1 in 48% yield. The synthesis of the regioisomer (3) as a side product could not be detected. Complete regioselectivity of the reduction was also observed for the N-alkylated imide (4b),JO readily available by benzylation of asparagine under more drastic conditions. In this case, the two-step reduction procedure turned out to be advantageous affording the respective lactam (5) in 74% yield compared to 48% for the boranereduction. As an alternative, a synthesis oft from natural glutamine involving a modified Hofmann degradation was elaborated. I 1 Using our benzylation protocol described for asparagine, the glutamine derivative (6) as v.'ell as the enantiomer (ent·6) could be readily prepared from (5)-and (R)-glutamine, respectively. Subsequent treatment of 6 with bis-trifluoroacetoxyiodobenzene 12 resulted in form-ation of the primary amine (7) in 37c:e yield, which was converted into the lactam (1) upon refluxing in toluene.
To verify whether the building block (1) is suitable as a central intermediate for lactam-bridged peptidomimetics, further reactions including lactam N-alkylation and deprotection aw well as the optical integrity were investigated (Scheme2). Thus, preparation of the protected lactam-bridged dipeptide analog (8al containing a glycine moiety was done by NaH induced deprotonation of 1 followed by lactam N-alkylation with ethyi bromoacetate. Subsequent hydrogenolytic deprotection afforded the primary amine (9) . Starting from the commercially available amino acids (R)-asparagine and (R)-glutamine the enantiomeric building block Iellt·9 \ can be approached which is known as a synthetic intermediate ofPAOPA, 13 a highly bioactive surrogate of the dopamine D2 receptor modulating peptide Pro-Leu-GIy-NH 2 • The amino function of 9 was also used to determine the optical integrity of the synthesis. Thus, coupling of the dipeptide surrogate (9) with (R)-and (S /-I-phenyl ethyl isocyanate afforded the isomerically pure ureas (lOa) and (lOb), respectively. No diastereomeric impurity could be detected by careful 'H NMR spectroscopic analysis of the crude products. For the incorporation of an alanine substructure the a-amino lactarn (1) was deprotonated and alkylated with the commercially avaiable (S)-and (R)-eonfigured ethyl2-trifluormethylsulfonyloxypropionates to afford the dipeptide surrogates (8b) and (8e), respectively. In accordance to previous alkylation studies on Boc-protected a-amino-e-caprolactams, 8 a partial epimerization at the acidic ester a-position was observed. Thus, the reaction of 1 with the (S)-configured malic acid equivalent resulted in formation of a 3.7:1 mixture of the diastereomers (8b) and (8e), which could be separated and purified by MPLC. On the other hand, employment of the (R)-configured electrophile resulted in a prefered formation of 8e (8b:8e = 1:3)
The protected asparagine ester (2) was also chosen as the precursor of the 4-aminopyrrolidinone (3) representing a building block for Homo-Freidinger lactams (Scheme 3). 
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The incorporation of the B-amino-y-Iactams (3) into conformationally constrained peptide surrogates was representatively demonstrated by the synthesis of the tripeptide mimetic (14b) which can be regarded as a B-amino isomer of the dopamine receptor modulator PAOPA (3R-[(2S-pyrrolidinylcarbonyl)amino ]-2-oxo-Jpyrrolidineacetamide).'4 N-deprotonation of3 with NaH, followed by reaction with ethyl bromoacetate resulted in the formation of 12, which was hydrogenolytically debenzylated to give the amine (13) (Scheme 4).
Proceeding through a mixed anhydrid,13 was reacted with Cbz-Pro to afford the coupling product (15), which was transformed into 14a by aminolysis of the glycine ester functionality. Subsequent hydrogenolytic N-deprotection gave the final product (14b) in 33% overall yield. 3 relative to TMS; 13C-NMR spectra were run on a Bruker AC 250 (63 MHz) in DMSO-d 6 relative to the solvent resonance (0 = 39.5). Chromatographic purification was performed using Silica gel 60 (Merck).
L-Asparagine (22.5 g, 0.15 mol) was benzylated as earlier described 6 to give 2 (39.2 g, 65%) as a colorless
A solution of2 (5 g, 12 mmol) in toluene (100 mL) was refluxed for 6 h. Evaporation of the solvent followed by flash chromatographic purification (petroleum ether- 
To a solution of L-asparagine (7.5 g, 0.05 mmol) and K 2 CO) (25 g) in H 2 0 (100 mL) benzyl bromide (35.63 mL, 0.3 mol) was added. The mixture was stirred under reflux for 2 h, then extracted 4 times with Et 2 0.
The combined organic layers were dried (MgS04) and evaporated and the residue was separated by flash chromatography (petroleum ether-EtOAc 9: I) to give 4b ( in THF was added at -78°C under Nz. After 1 h a second portion of LiEt)BH (0.61 mL, 0.61 mmol) was added and the mixture was stirred for further 30 min before the reaction was quenched with a saturated solution of NaHCO) (5 mL). At O°C Hz0 2 (0.15 mL) was added and after stirring for 30 min the mixture was brought to rt. Extraction with CH2Cl z , drying of the combined organic layers (MgS04) and evaporation of the solvent afforded a crude product (176 mg) which was used without purification for the following reaction.
To a solution of the crude product (176 mg) and Et)SiH (0.32 mL, 2.24 mmol) in CH 2 CI 2 (20mL) BF/Et20 (8 M. 0.28 mL, 2.24 mmol) was added at -78°C under N z . After 1 h a second portion of Et)SiH (0.16 mL, 1.02 mmol) and BF/EtzO (8 M. 0.14 mL, 1.12 mmol) was added. The mixture was stirred for 2 h brought to rt and after further 2 h stirring the reaction was quenched by adding a saturated solution of NaHCO) (10 mL).
Extraction with CH 2 Cl z , drying of the combined extracts (MgS04), evaporation and subsequent separation by flash chromatography afforded 1 (11.5 mg, 8%) as a colorless oil; [a]o -25°(c = 0.5, CHCI); identical with the product described above. c) Crude 7 (1.8 g, 4.64 mmol) was refluxed in toluene (40 mL) for 17 h. To the reaction mixture a saturated solution of NaHC0 3 was added and the water layer was extracted with Et20. The combined organic layers were dried (MgS0 4 ), evaporated and purified by flash chromatography (petroleum ether-EtOAc I: 1) to give To a solution of bis-trifluoroacetoxyiodobenzene (7 g, 16.3 mmol) in DMF (30 mL) and H;O (.+5 mU.
compound (6) (4.5 g, 10.8 mmol) in DMF (15 mL) was added slowly. After stirring at rt for i5 min pyridine ( 1.71 g, 21.6 mmol) was added, the reaction mixture was stirred for further 4 h at rt and then evaporated. The residue was mixed with a saturated solution of NaHC0 3 and extracted with Et 2 0. The combined organic layers were dried (MgS04) and evaporated to give the crude product (3.6 g, 86%) as a colorless oil. which was used for the following reaction.
To characterize the compound a sample was purified by flash chromatography (CH 2 CI 2 -MeOH . 
(S)-( -)-3-N ,N-Dibenzylaminopyrrolidin-2-on-l-ylacetic acid ethyl ester (Sa)
A solution of 1 (150 mg, 0.535 mmol) in THF (5 mL) was treated at O°C with 50% NaH in paraffin (21 mg. 
mmol

